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I. INTRODUCTION
India has the second-largest mobile telephone subscriber base in the world, with nearly 1 billion wireless subscribers as of 2015. 1 Until recently, the Indian market for mobile handsets (including both feature phones and smartphones) 2 was dominated by multinational suppliers such as Samsung, Nokia, and Sony. 3 Over the past several years however, domestic Indian manufacturers have gained increasing market share, resulting in a market today with more than 150 different players. 4 The Indian firm Micromax rose from a 5.6 percent share of the Indian smartphone market in 2012 to an estimated 15 percent share in 2015, second only to Samsung, while Indian firms Intex and Lava rank third and fourth, respectively, in terms of market share. 5 These Indian firms, together with Chinese producers such as Lenovo and Xiaomi, have dominated the Indian market with a host of inexpensive units.
Many Indian smart phones are priced below $100, with a substantial number costing less than $40 or $50. 6 In February 2016, a virtually unknown Indian firm called Ringing Bells made international headlines when it announced the launch of its new bare bones "Freedom 251" smart phone, retailing for a mere Rs. 251 ($4). 7 While there is skepticism about the viability of sub-$5 smartphones, and even the authenticity of Ringing Bells' offer, 8 sub-$50 price points are critical to the broad dissemination of mobile technology throughout India, where the average income is far below Western levels. 9 Domestic Indian mobile devices also cater to the local market with local language apps and features. 10 The least expensive devices are often characterized by the use of previous-generation technology, such as 2G or 3G rather than 4G wireless connectivity and lower-resolution displays and cameras. However, Indian firms have shown remarkable ingenuity in differentiating their product offerings, both from one another and from international competitors. Local Indian devices, offered at less than $100, have included models with oversized speakers, virtual piano keyboards, pico-projectors, multiple charging ports, and/or multi-lingual capabilities. 11 This flourishing of local Growth According to IDC, IDC, (Feb. 24, 2012), https://www.idg.com/news/smartphoneprices-race-to-the-bottom-as-emerging-markets-outside-of-china-come-into-thespotlight-for-future-growth-according-to-idc/ [https://perma.cc/YA27-X5HF] (archived Sept. 29, 2016) ("IDC research shows nearly half the mobile handsets sold across the world have retail prices of less than US$ 100 without sales tax. Two thirds of those have prices of less than US$ 50."). (Feb. 17, 2016) , http://www.ibnlive.com/news/tech/the-rs-251-smartphone-freedom-251-launchedbut-all-is-not-well-with-this-iphone-clone-1204239.html [https://perma.cc/ J4AZ-5CKJ] (archived Sept. 29, 2016) ("The phone also appears to be a rebranded version of another phone marketed in India by New Delhi-based Adcom.").
8. See Tuteja, supra note 7 ("There are also doubts about the sustainability of the price model . . . There's also speculation abound that the price could possibly be [sic] marketing gimmick."). 10. The Freedom 251, for example, is advertised as including preinstalled apps relating to pet projects of the Modi administration, including women's safety and the "Swachh Bharat" anti-litter initiative. $4 Smartphone, supra note 7.
11. innovation is remarkable and is encouraged, as this Article argues, by low entry barriers. 12 In the developed world, the mobile device industry has been embroiled in patent infringement litigation for nearly a decade. 13 Multinational players such as Apple, Samsung, Google/Motorola, and Microsoft hold thousands of patents covering mobile devices and technology. 14 Patents in the mobile industry are held not only by handset manufacturers, but also by technology developers such as Qualcomm, Alcatel-Lucent, Broadcom, Texas Instruments, and Intel, wireless carriers such as AT&T, Sprint, Verizon, and NTT DoCoMo, and patent assertion entities, which may hold fewer patents but act more aggressively in asserting them. 15 But, despite many years of relatively little patent litigation in the Indian telecommunication sector, there are signs that the attention of global patent holders has been drawn to this market. One 2010 study found that the vast majority of telecommunications-related patents in India are held by non-Indian firms. 16 And, over the past few years, multinational telecommunications giant Ericsson has brought patent infringement suits against several Indian and Chinese handset vendors serving the domestic Indian market. Industry experts have expressed concern that litigation by multinational patent holders against small Indian vendors could adversely affect recent national initiatives to foster a domestic Indian high-technology sector. 17 In order to assess the potential impact of patents on the mobile device market in India, and to assist policy makers in formulating and implementing regulations affecting this market, we conducted a comprehensive patent landscape analysis of the mobile device sector in India. The study involved the collection and analysis of data relating to Indian patent ownership by technology type, nationality, and industry classification. These results illuminate a number of important features of the Indian market for mobile devices, including the overwhelming prevalence of foreign patent holders in India, the rate at which foreign and domestic firms are obtaining patents, and how these patent holdings are likely to shape industrial dynamics in the Indian market for mobile devices.
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The remainder of this Article proceeds in three parts. Part II provides a brief history of the telecommunications market in India, charting the influence of foreign manufacturers and carriers on the market. Part II also includes a discussion of a range of humanitarian, public health, and agricultural uses of mobile technologies in India and other developing countries. Part III(A) provides an overview of the Indian patent system, focusing on its evolution in response to international pressures. Part III(B) discusses recent Indian patent infringement and competition litigation in the telecommunications sector. Part IV presents the results of the patent landscape study of the Indian mobile device market. Part V concludes with recommendations for further study and policy.
II. OVERVIEW OF THE INDIAN MOBILE TELECOMMUNICATIONS MARKET
A. Indian Telecommunications Regulation and Wireless Market Evolution
The telecommunications market in India has been characterized by a gradual shift from significant governmental regulation and control toward open market competition. This shift has both enabled competition among Indian service providers and carriers and fostered the opening of India's telecommunications equipment markets to foreign competitors.
Early Telecommunication Market Regulation
Following its independence, India established governmental monopolies in a number of industries, including telecommunications. 18 Foreign telecommunication firms were put under the control of the Posts and Telegraphs Department (P&T), a state-run monopoly, 19 and other private firms were prohibited from entering the market. 20 During the last half of the twentieth century, the Indian government invested only minimal amounts in its telecommunications infrastructure, severely limiting the quality, quantity, and range of available services. 21 By the early 1980s, policy makers began to realize that India's protective industrial system and heavy regulation had resulted in stagnation and inefficiency. 22 In the mid-1980s, the Indian government took a first step toward liberalizing the telecommunications sector by allowing private firms to manufacture network terminal and switching equipment. 23 Around the same time, the Indian government also began to loosen import restrictions on electronics, computers, and telecommunications equipment. 24 In the early 1990s, India experienced a severe economic crisis brought on by a combination of rising petroleum costs and the general global recession of 1991. 25 India's foreign exchange reserves were severely depleted and the rupee fell dramatically in value. 26 To counter the effects of the economic downturn, the Indian government made several economic reforms, including partial liberation of the financial sector and gradual opening of the Indian market to foreign firms. 27 The resulting economic liberalization enabled private sector players to enter India's telecommunications market, boosting not only private investment and competition but also India's telecommunications infrastructure. 28 Further changes to India's telecommunications sector were made in 1994 under the National Telecom Policy (NTP). 29 In 1999, India adopted a New Telecom Policy (NTP 1999). 36 The NTP 1999's objectives included increasing public access to telecommunications services, providing affordable and effective communications for Indian citizens, encouraging the development of telecommunications in rural areas, making the telecommunications sector more competitive, and enabling Indian companies to become global competitors. 37 The NTP 1999 also included a number of specific targets relating to user base, access, and density. 38 To achieve NTP 1999's ambitious goals, India's telecommunication regulations were amended to encourage private firms to enter the market. 39 In 2000, the Indian government enacted the TRAI Amendment Act of 2000 in a further effort to revive India's stalled telecommunications sector. 40 The amendments explicitly defined TRAI's role in areas such as wireless communications, quality standards, tariffs, and interconnection. 41 The Indian government also 32.
Id.
33.
IBP USA, supra note 29, at 51.
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Id. at 39. The TRAI can make recommendations to the DoT in areas specified under "Functions of Authority" in Article X of the TRAI Act of 1997. The most significant changes effected by NTP 1999 and the 2000 amendments were in the area of carrier tariffs. 43 First, operators shifted from having to pay up-front auction fees to having to pay through a revenue sharing system. 44 However, the revenue sharing percentage was initially set too high, so the beneficial effects became apparent only after it was reduced from 15 percent to 8 percent. 45 Id.
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Further changes to India's mobile market occurred in 2007, when private cellular service providers persuaded the DoT to release unused wireless spectrum from the Indian military. 52 The unused spectrum was assigned to firms based on number of subscribers. Licenses were to be made available on a first-come-first-served basis. 53 The increase in available spectrum resulted in greater competition and market penetration of mobile services throughout the country. By 2008, the total number of mobile subscribers in India reached 246 million, and India's mobile subscriber base has continued to grow since 2008. 54 By September 2015, India had 997 million wireless subscribers, making it the world's second largest wireless market, after China. 55 Alongside mobile subscriber growth, handset sales and mobile Internet usage have also increased substantially. 56
B. Characteristics of the Indian Mobile Sector
India has historically lacked reliable and widespread landline telephone infrastructure throughout large portions of its territory. 57 As a result, mobile services, which involve lower per line costs, quick deployment, and reduced capital requirements, have surpassed landline telecommunications services in India by a significant degree. 58 After 1994, several foreign telecommunications operators such as AT&T, Bell Canada, British Telecom, Swiss Telecom, US West, and Hutchison, entered into joint ventures with Indian companies to set up operations, and later sold out their shares to domestic carriers. 62 The consumer handset market was initially dominated by multinational suppliers such as Samsung, Nokia, and Sony. 63 It has only been over the past decade that domestic Indian handset manufacturers have gained increasing market share. 64 The Indian mobile handset market today consists of more than 150 competitors including South Korean firm Samsung, Indian firms such as Micromax, Intex, and Lava, and Chinese firms such as Lenovo and Xiaomi. 65 Indian and Chinese producers have generally dominated the low-cost segment of the Indian market with a variety of sub-$100 phones targeted at price-sensitive Indian consumers.
Though there is a large and growing number of domestic Indian mobile device vendors, few, if any, manufacture their products in India. 66 Instead, most Indian handset vendors source hardware from assemblers and contract manufacturers located in countries such as China, Taiwan, and Thailand, then load them with India-specific applications and package them for distribution and marketing in the Indian market. 67 Such low-cost devices typically run the Android open source operating system, utilize low-end hardware, are equipped with prior-generation capabilities (e.g., 2G rather than 3G or 4G wireless connectivity), and come with little if any customer support. Nevertheless, there is a pressing demand for such low-cost devices throughout both urban and rural areas.
62.
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C. Applications of Mobile Technology in India
In the United States and other developed markets, smartphones and other mobile devices are typically viewed as tools for productivity enhancement and personal entertainment. But in developing nations access to mobile technology can serve a number of important social functions including the improvement of health, education, economic development, and public welfare. 68 For example, mobile communication enables the rapid sharing and coordination of information concerning weather, crop conditions, disease outbreaks, natural disasters, armed conflicts, emergency response, infrastructure (e.g., roads, irrigation systems, and power lines), and the availability of medical aid and disaster relief. 69 Mobile communication also enables access to educational materials and government resources and supports the maintenance of familial and social networks. 70 Access to healthcare information and resources can significantly improve health monitoring, patient counseling, and follow-up. 71 The capabilities of mobile devices also enable a wide range of commercial activities, from simple online purchasing to comparison shopping, job searching, banking, funds transfer, micro-lending, inventory management, and tax collection. 72 For example, in India, Flipkart-the app of a popular online marketplace-enables Indian residents to shop and compare goods from thousands of vendors. 73 These functions and capabilities are particularly important in countries like India that lack a pervasive and resilient wired telecommunications infrastructure. Economist Jeffrey Sachs has referred to mobile technology as "the greatest tool for poverty alleviation ever invented," 74 comprehensive international study found that mobile penetration has a direct impact on GDP growth. 75 This Section surveys some of the important social applications of mobile technology in India and other developing countries.
Healthcare
Mobile technology has increasingly been used to advance healthcare, particularly in remote and underserved regions. 76 Some of these advances include medical appointment reminders, telemedicine, patient record access, treatment compliance measurement, health awareness, patient monitoring, and physician decision support. 77 With the dramatic increase in mobile phone subscribers in India, the Indian government has also taken steps to integrate and enhance health-related IT systems. 78 For example, the Ministry of Health and Family Welfare has created a Mother and Child Tracking System (MCTS), which uses information technology to deliver health care information and services to pregnant women and mothers of children up to five years old. 79 MCTS uses a data bank to validate delivery of services, ensure ante-natal, intra-natal, and post-natal checkups, encourage immunizations, and promote quality service delivery. 80 Pregnant mothers enrolled in the system can use MCTS to track what scheduled services they have received and what maternal care services they still require. 81 In addition to MCTS, the Indian government is planning a mobilebased information dissemination initiative to distribute health promotion messages about maternal and child health, nutrition, adolescent health, population stabilization, tobacco control, and disease information. information, to coordinate pest and disease control efforts, to disseminate market information relating to fertilizers, seeds, and crops, and to enable communication among workers and families in the field. 84 India's Department of Agriculture and Cooperation and Ministry of Agriculture have launched "Farmer Call Centres" across the country that track agricultural issues and allow farmers to receive updated information via phone. 85 Further, the Indian Council of Agricultural Research has set up mobile advisory services that allow "Farm Science Centres" to send SMS text alerts to farmers relating to weather forecasts, crop diseases, and market conditions. 86 One farmer reportedly estimated that he increased his annual earnings by 25 percent "thanks to the farming and disease control techniques he learned from the service's regular messages." 87 Another farmer reported that he doubled his tomato yield by using the mKrishi mobile agriculture data app on his phone. 88 Various other technologies have been developed to assist farmers in India. One such device is a phone-controlled water pump called a "Nano Ganesh." 89 The Nano Ganesh, which is relatively inexpensive, connects a farmer's mobile phone to his water pump. 90 The farmer can enter a code to start the water pump, even without regular cell phone service. 91 There is also a service called "Tata" that allows farmers to send photos of diseased crops to experts directly from their phones and receive feedback regarding appropriate remedial measures. 92 Another app, called "Tradersnet," is a virtual commodity exchange that connects producers and wholesale purchasers of coffee. 93 The app sends SMS messages to users' mobile phones every morning with offers and the grades available for purchase that day. At the end of the day, users receive a text message with details of transactions completed. 94
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Personal Safety
A number of personal safety apps have been launched in India in response to highly publicized incidents of violence against women. 95 One such app instantly sends the following message to pre-loaded contacts when the user activates it: "I am in danger. I need help. Please follow my location," along with details of the sender's whereabouts. 96 The Indian government has also taken steps to enhance personal safety through mobile devices. It recently launched a safety app called "Himmat" in the Delhi market. The app automatically alerts police and begins audio and video recording when the user signals that she is in distress. 97 Similar apps have been introduced in other Indian cities. In addition to personal safety apps like these, India's Ministry of Finance has approved proposals to streamline police, mobile, and legal services in India.
Disaster Response and Relief
Mobile technology has also increasingly been used to improve the efficacy of disaster response and humanitarian aid in India and around the world. 98 For example, during severe flooding in Chenai in 2015, relief efforts were coordinated via Twitter and Facebook. 99 Crowdsourcing was used to map flooded roads and relief sites, and to channel relief and rescue efforts to the most critical areas. 100 As one relief worker commented, "the Internet is our lifeline now." 101 Similar efforts helped to locate stranded persons and improve crisis response 95 To 107 Apple has a new section in its App Store called "Stay in Touch," which provides several disaster-relief applications: The American Heart Associations' Pocket First Aid & CPR; QuakeWatch, which tracks earthquakes and sends warnings using U.S. Geological Survey data; Disaster Alert, which provides information on instant global "active hazards"; the American Red Cross's Shelter View, which helps users locate a nearby shelter; and Emergency Radio, which provides news and information during disasters. 108 All of these social, coordination, and humanitarian uses of mobile technology are particularly important in developing countries such as India, which lack legacy landline communication infrastructures. But such technologies are not developed or deployed in a legal or policy vacuum. The next Part discusses the patent system as it exists in India, and how it affects the development of new mobile technologies.
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III. THE INDIAN PATENT SYSTEM
A. Overview of the Indian Patent System
Legal and Administrative Background
India's first patent act was enacted in 1856, modeled on thenprevailing English law. 109 As such, India offered relatively strong patent protection for domestic and foreign products. 110 In 1970, however, India radically amended its Patent Act, substantially limiting the availability of patents on several product categories, but continuing to protect the processes used to make them. 111 The Indian Patent Office (IPO) has administrative authority to examine and grant patents in India. The IPO is an office within the Department of Industrial Policy and Promotion (DIPP), which is itself a department within the Ministry of Commerce and Industry. 112 Oversight of the IPO is delegated by DIPP to the Controller General of Patents, Designs and Trade Marks. 113 Despite statutory requirements concerning prompt action on patent applications, the IPO has been criticized recently for the excessive amount of time often required for patent examination in India. Some reports suggest that it takes eight to nine years from application to issuance of a patent, 114 but the IPO has begun to consider various administrative reforms to address this problem. 115 For historical, cultural, and political reasons, India has generally adopted an abstemious posture toward patent protection. the way for countries such as India to develop generic drug industries serving various export markets. 124 Section 84 of the Indian Patents Act authorizes an Indian manufacturer to apply to the Controller General for a compulsory license under any Indian patent three years after its issuance if (1) the reasonable requirements of the public for the patented invention have not been satisfied, (2) the patented invention is not available to the public at a reasonably affordable price, and (3) the patent is not being sufficiently "worked" in India. 125 Several other provisions for compulsory licensing also exist in the Patents Act. 126 In 2012, the Controller General issued India's first compulsory license at the request of Indian generic drug manufacturer Natco with respect to Bayer's liver cancer drug Nexavar. The license permitted Natco to manufacture the drug upon payment of a 6 percent royalty to Bayer. 127 The compulsory license was upheld by the Indian Intellectual Property Appellate Board, but with an increase of the royalty to 7 percent. 128 The issuance of this compulsory license gave rise to significant opposition from the Western pharmaceutical industry. 129 Despite this precedent, the Controller General has declined to issue compulsory licenses on at least two occasions since 2012. First In addition to pharmaceuticals, the Indian government has indicated a willingness to consider compulsory licensing in the area of "green" technology. Thus, in the 2011 National Manufacturing Policy issued by the DIPP, the Indian government suggests that compulsory licenses may be available when patent holders are unwilling to license, or to charge reasonable rates for, patented green technology such as solar power, energy efficient vehicles, and emissions reduction technologies. 133 The United States Trade Representative (USTR) has expressed concern regarding India's position with respect to the compulsory licensing of patents. 134 As a result, the USTR has, for the past several years, placed India on its Priority Watch List of countries whose internal laws and policies do not meet acceptable standards for intellectual property protection. 135 In an attempt to assuage these concerns, India has recently adopted measures intended to improve its status in the eyes of foreign governments, including its 2016 National Intellectual Property Rights Policy, which makes numerous assurances regarding India's respect for, and intention to enforce intellectual property rights vigorously. 
IV. THE MOBILE DEVICE PATENT LANDSCAPE IN INDIA
Given the importance of mobile technology to India's national economy, development, and infrastructure, and the recent patent litigation surrounding mobile device technology in India, we sought to gain a better understanding of the patent landscape of the mobile device market in India. This Part describes the results of a comprehensive study of Indian patent applications and issued patents in a selected set of industry classes pertaining to mobile devices. We sought, in particular, to determine the ownership of Indian patents in this sector and the degree to which such patents are held by firms based outside of India.
A. Prior Studies
General (Global) Studies
Several general studies of the patent landscape in the mobile telecommunications sector have previously been conducted. For example, in 2012 the Center on Law and Information Policy (CLIP) at Fordham University School of Law conducted an in-depth study of the impact of patents on the smartphone industry on behalf of the World Intellectual Property Organization (WIPO). 156 The CLIP study identified thirty-seven key market participants and their relevant market shares, patent holdings, publicly available licenses, and information regarding litigation. The data were compiled from a combination of public sources and targeted surveys.
A more focused study of the global patent landscape, relating to 4G-LTE technology, was conducted by market research firm iRunway in 2012. 157 Like the CLIP study, iRunway identifies key global patent holders and patent categories relevant to LTE technology, as well as patent filing and litigation trends. In 2014, Ann Armstrong of Intel Corporation and two private practitioners released a working paper investigating the patent coverage of a typical smartphone and the "royalty stack" associated with such patents. 159 Using a subsystem-based analysis, they estimated that a hypothetical $400 smartphone would be subject to patent royalties (disregarding any cross-licensing reductions) in excess of $120. Also in 2014, the European Commission published an extensive report analyzing the impact of patents on technical standards, a significant portion of which was devoted to the mobile telecommunications sector. 160
India-Focused Studies
The above studies address the overall patent coverage of mobile devices on a global basis, with a focus on North America and Europe. India generally does not figure in these analyses. We are aware of only one publicly available study of patenting in the Indian telecommunications sector-a 2010 study conducted by Clairvolex, a local market research firm. 161 The Clairvolex study relied on a proprietary database of Indian patent records and covered Indian patent applications published from 2005 through 2010. The study identified the top filers of Indian patent applications in telecommunications-related technology classifications and charted the trends in filing behavior over the period studied.
Clairvolex identified approximately 7,400 Indian patent applications in the relevant technology categories. Of the eight "key players" in the market identified by Clairvolex, all were non-Indian firms, as summarized in Table 1 Clarivolex does not explain how it selected the eight key players studied. Assuming that these are simply the eight firms holding the greatest number of Indian patents in the telecommunications sector, no information is provided regarding firms holding fewer than 363 patents. These findings are consistent with statistics reported by WIPO regarding the distribution of Indian patents among resident and nonresident firms. Thus, in 2014, of a total of 6,153 patents issued in India in all fields, only 720 (12 percent) were issued to domestic Indian firms, while 5,433 were issued to non-Indian firms. 163 Likewise, of the 42,854 patent applications filed in India in 2014, 12,040 (28 percent) were filed by domestic Indian firms, while 30,814 (72 percent) were filed by nonIndian firms. 164 These statistics, while supporting the earlier study's finding that all major holders of Indian patents in the telecommunications field are non-Indian companies, may actually overstate the representation of Indian patent holders in the telecommunications field, as the majority of Indian patent applications filed from 2000 to 2014 related to pharmaceuticals (19.91 percent) and organic chemistry (18.10 percent). Computer technology applications represented only 14.31 percent of the total, while "digital communication" patent applications constituted a mere 3.59 percent of the total number of applications filed. Thus, it is possible that aggregate statistics relating to domestic holding of Indian patents may, in fact, reflect the status of fields such as pharmaceuticals and chemicals, and that Indian firms may hold far fewer patents in the field of mobile telecommunications.
There are three reasons that a new study of the Indian telecommunications patents was needed. First, the Clairvolex study was conducted in 2010, prior to the emergence of a significant domestic Indian mobile device industry. Second, the Clairvolex study provides no information regarding the "low end" of the patent holding spectrum (i.e., below the top eight foreign "key players"). And third, the study 163 .
WIPO, India, supra note 118 (patent grants). 164.
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was conducted by a commercial firm based on proprietary data and search methodologies which were not disclosed to the public. This Article updates the Clairvolex findings with the new, more comprehensive, and publicly accessible data.
B. Methodology
In order to assess the Indian patent landscape relating to mobile devices, we developed a search strategy to utilize the Indian Patent Office (IPO) records of issued patents and published patent applications. 165 These records can be accessed and searched either through the IPO or through the Derwent World Patent Index (DWPI), which is made available through Thomson Innovation (TI). 166 DWPI was the database selected, as it offers additional data (such as assignee records), front end tools, and searching and access that is superior to the electronic records of the IPO itself. The DWPI database also contains editorially enhanced titles and abstracts of issued Indian patents from 2000, and published Indian patent applications from 2005.
To execute the relevant searches and compile the results, a commercial patent searching firm in India familiar with the DWPI system was engaged. Informal interviews with leading Indian patent law firms were conducted in order to compile a list of reputable patent search firms from different parts of India. Written bids were then solicited from ten of these search firms. Bids included a description of the firm's experience and qualifications, a proposed work plan and timetable, and a price quotation. Based on these responses, two independent firms were selected to perform searches for this study. During the course of the study, the performance of one of the selected firms became unacceptable, leaving a single firm (Hourglass Research, Mumbai, India) to perform the bulk of the searching tasks.
The search firm constructed search queries based on a list of fifty leading Indian and non-Indian mobile telecommunications firms in the industry (see Appendix A). The list of target firms was compiled based on the firms identified in the global telecommunications patent study conducted by CLIP in 2012, 167 vendors in the Indian market. 168 A taxonomy of mobile device systems and subsystems was then developed (see Appendix B).
The DWPI database was queried in February 2015 using a series of text-based search strings that combined keywords relating to mobile device technology, International Patent Classification (IPC) codes, and the names of targeted firms. The published patent applications and issued patents that were identified were de-duplicated based on International Patent Documentation (INPADOC) patent family identifiers, whereby patents and applications bearing the same INPADOC number in the DWPI database were treated as a single document (with the issued patent taking priority over any corresponding applications). All resulting patent documents were classified according to the taxonomy in Appendix B. All cleaned and validated data have been made available on the Centre for Internet and Society website. 169 
C. Findings
A total of 19,569 published Indian patent applications and 4,052 issued Indian patents relating to mobile devices were identified from January 2000 through February 2015. 170 170. For convenience of reference, in this study we refer to all issued patents and published patent applications as "patents."
171. A significant lag exists in the recognition of patents for 2013 and 2014, given the eighteen-month delay in publishing these applications.
Table 2 Patent Applications by Year and Technology Category
The technology category with the single greatest number of patents (including both applications and issued patents) was communications (12,857), which was broken into nine distinct subcategories (see Appendix B). There were 3,407 patents covering operational blocks and 3,068 patents covering software-related features such as the operating system, message display, searching, file management, and ringtone management. 172 Table 3 sets out the top eleven holders of patents based on this search. 173 Consistent with the results of prior studies, all of these entities are non-Indian and are based in North America, Europe, or the Asia-Pacific region.
172.
The presence of this many software-related patents was surprising, given India's general policy prohibiting the issuance of software patents. 173. These results reflect the most recent assignee of each patent as of the end of the search period. While online IPO records do not currently make subsequent assignee details available, this data is available through the Thompson Innovation database. Some patents in our survey were assigned as many as four times. While Table 3 presents data relating to the top eleven holders of Indian patents, the study compiled patent ownership data for all fifty entities listed in Appendix A. Of these, thirty-eight were non-Indian and twelve were Indian. Of approximately 23,500 total patents identified, a total of only eighteen patent applications, but no issued patents, were held by three of the Indian firms studied (Spice Digital, HCL, and Videocon). The other nine Indian firms in the survey held no patents or applications. 175 In a follow-up search, the IPO online database was queried on April 1, 2016 for patents and patent applications held by the twelve Indian firms in the original search, plus nineteen additional Indian mobile device producers. 176 No additional patent applications or issued patents were identified. However, for the period following the original search window, fifty-five new published patent applications (by Indian firm HCL) were identified.
A search was also run for patents held by Indian "value added service" vendors in the telecommunications sector (Level 1 of the Software category shown in Appendix B). The results identified ten patent applications held by Comviva, twenty-one patent applications
174.
Many held by MobMe, and twenty applications and one issued patent held by OnMobile.
D. Analysis: Explaining the Disparity
The disparity in patent holdings as between Indian and nonIndian firms are striking. Despite the fact that more than 150 firms compete in the Indian mobile device marketplace, collectively, domestic firms hold almost no patents. And Western firms that have little or no presence in the Indian device market hold substantial portfolios with thousands of patents each. How can this disparity be explained?
It is not difficult to understand the accumulation of Indian patents by non-Indian multinational technology firms. These firms are not only active patent-seekers in India, but throughout the world. Not surprisingly, nearly all of the top eleven Indian patent holders in this study appear toward the top of CLIP's list of thirty-seven top global telecommunication patent holders. 177 Thus, as part of their global patent acquisition strategies, these firms routinely acquire patents in India, which is a large and rapidly growing mobile technology market. Moreover, it can be assumed that most Western technology firms take advantage of filings under the Patent Cooperation Treaty (PCT), which permits relatively straightforward local applications to be made in PCT member countries, such as India (particularly given that India's official language for filing is English). 178 More puzzling, however, is the striking lack of patents held by Indian firms. Why do Indian firms hold so few Indian patents in a market full of domestic competitors? One theory is that Indian firms are not innovative and simply wish to copy technologies developed elsewhere. But this characterization is naive, unfair, and demonstrably untrue. In the pharmaceutical sector, for example, Indian firms file a substantial number of patent applications both in India and abroad for new drug discoveries. 179 And, based on the informal survey of the breadth and variety of mobile devices offered by Indian firms, it appears that Indian mobile device producers display substantial levels of innovation, ingenuity, and inventiveness in their product design and execution. 180 Thus, a lack of innovation is likely not the cause for the absence of patenting by Indian firms.
Another possible explanation is cultural: Indian electronics and telecommunications firms, as well as Indian research institutions and universities, may simply lack a tradition of domestic patent filing in the telecommunications sector. The absence of a patenting culture could be attributable to a variety of factors, including the general lack of faith in the Indian patent system coupled with the realization that short product cycles combined with lengthy patent prosecution delays 181 may result in patents that, once issued, have little commercial value (i.e., they may cover only the previous generations of products).
Finally, cost may play a role in the unwillingness of Indian firms to pursue patent protection in the telecommunication sector. As noted above, Indian vendors dominate the low end of the mobile device market. They procure low-cost hardware from China and Taiwan, load it with open source and locally-developed apps, then sell it on the domestic Indian market at prices ranging from $100 down to the extreme low of Ringing Bells' $4 price point. At these rock bottom prices, profit margins are likely to be thin to non-existent, perhaps making the additional cost of filing patent applications uneconomical.
E. Areas for Further Study
This study is based on quantitative patent filing data from IPO records. While these data offer a picture of extreme disparities in the Indian patent holdings of Indian and non-Indian firms, they do little to explain the reasons underlying this disparity. Further research is needed to assess the causes of this disparity and the general failure of Indian firms to pursue patents in the mobile device market. Such research could include surveys and structured interviews with individuals involved in the Indian mobile device market.
Another potential area of future research involves standardessential patents that may be asserted in the Indian mobile device market, and the degree to which such patents are encumbered by commitments to license such patents on terms that are fair, reasonable, and non-discriminatory (FRAND). Several of the patent suits involving Ericsson and Indian and Chinese producers have raised FRAND issues. However, as other commentators have pointed out, 182 the analysis conducted in these cases by the Competition Commissions of India and the Delhi High Court has been cursory and lacking in sophisticated economic modeling. In order to assist Indian courts and agencies in future proceedings, further research regarding the financial structure of, and expectations and norms within, the Indian mobile device market is warranted.
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V. CONCLUSION
India is the world's second largest mobile communications market. Though it has remained largely unaffected by the smartphone wars that have been fought in the developed world for the past decade, Indian manufacturers can no longer ignore patents. Foreign firms already dominate the mobile device patent landscape in India, and, if more follow Ericsson's example and begin to assert their patents against domestic producers, these producers may be severely disadvantaged, if not driven out of business. The aggressive assertion of patents by multinational firms against India's low-cost domestic producers could reduce the supply of inexpensive mobile devices available to the Indian population, thereby limiting the many social, health, and economic benefits afforded by mobile technologies. 183 In this respect, the debate over patents and mobile technology may come to resemble the decades-long battles over access to affordable medicines that India and other developing countries have experienced.
In the face of these threats to the domestic mobile technology market, several proposals have been made by us and others. Rohini Lakshané, for example, together with the Centre for Internet and Society, has requested that the Indian government establish a patent pool covering critical mobile technologies and that licenses to such pool be made available to all domestic manufacturers at a fixed royalty rate of 5 percent of the end product's net selling price. 184 Jorge Contreras, in connection with the National Science Foundation and the East-West Center's 2016 Workshop on Mega-Regionalism, has suggested that governments in developing countries actively promote and subsidize engagement by domestic firms in international standard-setting and technology development organizations in order to enhance their integration into the global technology development infrastructure and in order to improve their bargaining posture with technology incumbents. 185 Other scholars have proposed additional mechanisms for equalizing the disparities in patent holdings among firms in both developing and developed countries. 186 While a detailed assessment of these and other proposals are beyond the scope of this study, we hope that the data presented here will assist scholars and policy makers in assessing potential measures for addressing these significant disparities in the patent landscape of the Indian mobile device market. 
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